GAG NG SYSTEM AND METHOD BACKGROUND OF THE | NVENTI ON
2114746 The present Invention relates generally to gaging systens, and nore
particulariy concerns a systemand method for "accurately nmeasuring and

recording.di.nen.5. . sions of work rrerrbers .as for exarrpl e tubul ar- rrenbers _
I n- cluding, but not.dimted, to.l engt hss 1d+anet.ers, radii- ?ﬂgaj\ o
di mensi ons. There is a continui ng K6R@ SVTERY, W@ﬁ met hod t 4t&| y

measur et he di nensions of work r}oﬂ ad flank angularity,
fl ank axi al p03| ti'qni.ng al ong @ﬂ?ﬁu %rzbc.?FL ! _ !gﬁy b'?r est- and root
di anet'ers, :coni cal shoul der§he mdstiﬂ*ahg@fdﬂwenrslm genpiral haitat en- *

ance of di mensi onal gAG AU R ehs, Bﬁ%%?é'sp%?lﬂ’cdlgpwtc@ﬁ@erhg ggge&,{ of a new .

t hread known as the ose 't hread is.the s t of U S

Patent 3,989, 284. - ¥ rne‘thﬁ'r&masegr@é‘ehsf BSRFHIAY IMGnELHrdddd dfmels are avare

|p- corporate ts(;e Usieme oo y:oald]\cn?mbageoae ol I as@inpf & Hubwhapi membetrs ONs, nodes

0 operatlon an re nQw, ar 1,0 Se véenti o :

SUMVARY OF THE |NVET\#1“E£?'|?’ Ut ot ?rﬁ‘fe'gf"t’) E‘?"DQSE ﬁiafr etoERr 34! fo pro- vide

a gagi ng syst em andanteahgul aredimenglarnise above need .and * over com ng

t he di sadvant ages of prior swill be
§ret (fpggaé)%fﬁtn'ﬁn 834 GRF] 44180 brd

seen, the inventi.on is .enb conprises a) first

nmeans havi ng a gagl’FRj'hPi’ﬁ%ﬁg@g‘@ﬁbl\emﬂﬁmdkmﬁ"ﬁ&%“m“ﬂﬁemscarry| ng
sald.first nmeags, fduchl sélght-ysh rnénk bAg SRt HANG 1 4rik akrdll soﬂﬂahﬁrgerrents of .

o R e Pl aoncashy Fread, isres Fhroloctsy Shd ARt Mene iR ¢ b Sn o

.computer is connectd:dmeal/vlsﬂ\buﬂﬁrs, addefmgsldtgxeﬂs!@hs.td'hesmhifeﬁ-h at | east
one, and.prefer - abinteu} UyRbrBRSP BOSHON? pLEAMLIKGN ARG ghe T L1 1

sensed di spl acenentS are meas slngle or ‘nul tiple
contact ti p or pr OU@SPQC'hmfharneUaThfSﬁadskmhI35a§h%IBé9$¢ dhread,| ond : .

. 15 which Is the subject of U.S. Patent 3,989,284. Whlle
' ' fhread gages are known, none of wh!ch we are aware In-
corporafe the unusual ly advanfageous structural comblna-
tlons, modes of operation and results now afforded by
the present Invention '_
20 ) . " SUMMARY OF THE INVENTION
. .1t Is.a major objecf of the Invention to pro-
vide a gaglng sysfem and method meeflng the above need and
- overcoming the disadvantages of prior gaging apparatus.
| Baslcally, and as will be seen, the Inventlon Is embodled
. 25 In a sysfem that comprises - :
e - _ ‘a) flrst means havlng a gaglng +ip engageable
' wlfh work surfaces, -
-; ' o _ .b) means carrying sa!d f!rsf means, for
Ipngifudlnal,.laferal and rotatable dispiacements of said
30 tip, end | 1 B - -
" ¢) means to sense sald longlfudfnal, tateral,
and rotatable displacements of sald t1p for madout
purposes. . . ' _ .
_ As will be:seen, a computer Is connectible with
35  the sensing means to esfabliéh at least oﬁe, and prefer~
'ably mulflple base posltions from which one or muitiple
sensed displacements are measured.
More speclflcally, a slngle or mulflple contact
tip or probe 1s mechanically as well as e!ecfronlcally



bper abl e through a mcro-processor, mini-conmputer, or other cc;'rrput ing
ge whi ch converts electrical signals to relative di nensional
dyrement. . The system|s such that a zero-position fromwhich .all

' N\ongf t udi nal neasure- ments are taken is related to a fixed base plate, or —

'“p0| nt on the gage Itself,. or the zerezposition can be related to a

-
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: non-fi xed position ich | s established by a predeterm ned position of the L
:-probe or probes.opecﬂ\gi(']g” £ Lol lcﬁmﬁeﬁségﬁt"ﬁffec&mw#gﬁ’g al | ng the o »

conputer by 10 othesttompuding dpulcsewkicht ¢rmveets ethateiicalosigndsur enent s Nedl
be i denti fi ed byoldiayAledlinehEJord? ShdasGrendiit | 'thd SyStea 95 duchn = For
exanpl e, one can touch the probe to a shoul der, after the gage |s clanped
into or onto thdhaha garozpesiidon frem whiehal | tieratindponle measire~from t his
arbi - .15 tsar mbirtsC BAS FaKEPT6EE1aPed b ¥ Ik basd plaFH;r opNe Wil | de- tect
and ldentify rmveg‘g'_nts__%'t?he fol?g or probes.. Ttﬁ_isarre b€5| s for

est abl i shing pr 8BE BT MENSPO T30 2y By "B FORRCPRR TIPSR PO or

ci-rcunf erenti al retatedetd a wdn-ff hbeadppasid¢ion whichbis eshbbtshethcbypr obe may be =~ E
con- 20 structe Lo Wi u hand.ar . aut eant ed). applied to
t he probes the %ﬁ@gﬁﬂg&#‘%@t& ,93’?{ &m%%pynbc?t gﬁ_}rtgg.’%%s;m??fsgd to the .
computer until pesliidenr disnithas IgentdEladeby slannliipgthe eampytrer byl y, cont act
pressure of jgheoPscHpecall lThpdleh 5 tREL afhAMBGBILN MeBBurEnBAYS GTFN 25
recorded, which removes, the hupan el ement from.affecting nmeasurenent L
recordation. It b?s'“@ﬁ'ﬁf*éﬁﬁl‘ﬁ't @g& RERItrARY eosktdnn AR EhR #BEO biliti es of.
est abl i shi ng t hpogkten PO Fok iexamg e, drikcat) +oBES tihe Peobs tatawi | | rat her than
a fixed base or _posi.tio 0. .pn the 1t ani Ltself fr whi,ch al |
.measurenents. ar 3'??"219%5’. r;fl%fﬁ frﬁgrgagfhge%ag?ﬁi? _t°rs?'6{1°aﬁ'gét°6'9be gener at ed
by the pobe areotrmplips,bfhethelignad the compuder shet frpwtthisi arbdters, or
differentialstr or el ' L : aLn- gage

5 d%ﬁiﬁlgﬁ%ﬁﬁe ﬁ?ﬁf L ¢ i ShBRARE- o G

princi pl e woul Tor "appl ica- I ons ere extrenely snal |

i ncrenent al .meadeFtoandiident (fyy myemeris of dhadqrobe \ArcREObES ch may have a
uni fornmy varying resi Stthgcsaméi 816 fori é51aBYi SAtng! pPEbe mblémends! ows - snal |

. variations In "85fﬁ%%@ﬂr..’fgﬁra&?é‘f;_ lrgdl%lyrgrf gr@uxfer‘enﬂa'l movements

of the probe or probes. Also, the probe may be con-

20 structed so that wlth pressure (by hand or automated)

| applfed to the probes the contact point’ lbca'l'l_on will

- not be +raﬁsinlﬁed +to the computer until pre-determined
pressure is applled. Accordingly, contact pressure of the
.probe will not affect changes" In the mezsurement _

25 recorded, which removes the human element from affecting _ -

measurement recordation. ' O ' ' '

I+ s contempiated that the system have capa-
biiitles of establishing the.zero-position for: fa-k-i-'ng

_ m,easy.r_e_c-pe'r'ifs at will ‘rather than a flxed base or position ' : L

30 on the mechanism Itself from which ali measurements are | B
taken. Funthét,- the measurement signals: £o-be generated by_ o

the probs are eHabIEd by ‘the use of encoders ‘ar potenticmeters, 4
. The str@lri-gage_princlple would be preferred for applica-
35 tions where extremely small Incremental measurements
- are re__qu_lfed.. Other devices which may have a._unlfdrmly .

varying resistance with strain may be used. This allows
smel] varfations In voltage or current In a uniformly
varylng maoner rather than "“step" variations. Another



varyi ng manner rather than "step" variati ons.. Anot her

curpént Irterférence varia- tions are enpl oyed. The Intent is to establis

] -3- systemthat ‘
may be appliicabl e woul d be the use of an in- ductive systemIn which eddy &

a Pasis for. a uniformy varying electrical. signal so that very 5

changes in signal

nmeasur @Eent s wi t hi nsysdem hadfmayhbe faphtdebie weuld des

smal I

can be anplified and Idgntified with respect to extrenely
smal | -measurenent vari ations, Encoders arée suitably accurate for |inear

yse&fory Ihor nost

di nensi ons |inear OfucPgd!lsys+éhd 1RRMNIER P durPbi I ntdi-ferdicadvariia- A further

object is to provide neans to measur
such as pipe bores Hong ars emRloyady i

or radi al
di aneters
axi s, and
and ot her

aver aged

or,di ameter dejer
Fig. 6 is a block
determ nation of angul ar erActurdhesyabdect! bsroupravdde, meppe tormepsupe | s a

di agram show ng t hetyf hRmi1aPicltVetirdl o 'suPfacat SIRHCas p3p® bdPes &1 NG
' shqwi n%rr eception:

neasur ene

of a gaging part be?%@éncﬂm’%'glﬂ’gmtI.sg‘r‘fllé‘faasgi'éw.%gqeigpgaiyﬁmﬁ'm i

section;

nt;

and
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| ar curv

t he ann ure of surfaces .
%%ﬂ qgi'i?"f*a‘ gsto asite i)srbias?ﬁsafﬁ di aneters
meas % egef&rs aagtdormiiycdamilh efectriedl wdnsl isbatiat. very
may

Such

Lved f ] wdiff [ [
1T oot Ty SfapE el o, ma (e Pad AT, RlsPafiiRd: 7 PrRC
obj ect s awifhatespechdosexirendly smaydnmeasvrementweadrtiakbonshe detail s

of an illustrative gigodefs ard QUi 1Y adbubdtd$orTifedrimbasuransist 0od from
the follow ng descr
Fig. 2 I's a schemat

Fig. 3 Is a block disgr aimenkidhs mdearaon/‘aagulahmﬁalglmpg&amusta‘ror curvature
mnation: Figs. 5a --- 5c are circuit diagranms; 30
e A

Fig. 7 Is a diagram show ng one nethod of

rgd!al measurements assoclated with such curved surfaces.
Such dlameters may be derived for curvatures at dlfferent

_'poln'l's about a pipe axis, and averaged by computer, to

display an average pipe diameter. _

—_ These and ofher objects and‘ advantages of the
Invenﬂbn, as well as the detalls of an 1{justrative em-
bodiment, wil{ be more fully understood from the
fol Ibwlﬁg descr!pflén' and drawlings In which:

Fig. | Is a block diagram;
Fig. 2 1s a schematic view of apparatus

Incorporating the Invention; -

Flg. 3 is a block diagram;

Fig. 4 Is a view showing apparatus for
curvature or dlameter determination; '

Flgs. 5a --- 5¢c are clircult diagrams;

Flg. 6 is a block diagram; )

Fig. 7 Is a dlagram showing one method of
determination of éiqg’ular error or gage clamp-up to a pipe;

' Fig. 8 Is a dlagram showing the effect of angular

error of gage clamp-up, during measurement;

Fig. 9 Is an enlarged view showlng reception
of a gaging part between thread flanks;

Fig. 10 Is a modifled pipe thread section; and

Fig. Il ts a schematic showing of a means to
transmit a signal after pressure Is appiled to gaging *tip.

i ption and drawi ngs J.n which: Fi | |s a,block diagram
‘1’@"‘\“‘ eanghs 2fp dths and ?'F?c&?%(i‘ﬁ?m fafe 1 nvention:

pe thread
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- axi al and radi al
flanges.and- t he tivee, a fhrafmeansehaniogsa gegingt lgaﬂmias Peasured. -The

¥ nmeans to sense t

11 is a schematic show ng of a neans to transnit a si gnal af ter

em of the in- vention contenplates the provision of first neans haV| ng
aging tip engageable with a work surface, neans carrying the first nmeans

for | ongi tudinal, lateral and rotatabté 5 di spl acenents of the tip, and

means to.sense such ti P Ginoral) Cé‘ﬂﬁﬂfr?g, i g E?ﬁ@%&‘sﬂlﬂ%@?ﬁé In_I\/EreI y as

s showing In Fig. 2 as:-

_|IIustra- tive, a first neans’ aV|ng q?m]
! including a st enYendian Gaetamp lafes, Teepravis °5sf'é's'§I"I°GE5 devitthear bearing
= unit 12 for |onga tgudt lﬂplem g&asm FCFRNorN siiffack] imeamdI¢apryhgde or

.I i near beari ng eﬁﬁg{?gat era i&ﬁgvﬁg i,zq é,—,ﬁoe@jmfa?ﬁhg% $|3 3?¥e2'?| on

carri ed by slid

-1 ndi cat ed by5 ar rdisp | dcemeints of mesﬂpdearicBrrms o \sense such ddpadisei rect i on.

U L B

stons- of S 'suc

IS: ' deszgay behW@d FRRRUAdI Mg DYsﬁﬁgHﬁE Hl%h?'*aiﬁ suu.ustr?t . vteh tip
i s shown “en re 16 and i s able.in gement W

shoul der .17, \/\hl%angﬁ%ﬂéq' R 5rb°&5&“%6'ﬁfgn;é q'Bgln‘"g?t hread fl ank.’
The descri b medisp | scement of ﬂheﬂp,rahd meshNeabcsdlharl udnslng 3otor 18 -

oror 19 soppor (15 1HeReF SRFfHeatin of e 1.1 1Skl 3 B Be. 167 UIE Buyt

‘rotor |Is supporte

bearings 20 thercarefakbdy;slide k2 cas @hw,cam iséhdd- b2 grayumovealn ways 21 for
slide 12. .Suitaf Sx*dlnﬁ?fecti‘?&f it 2%, mzya%wgrnv*mabqlmn slide 12 and
l'e (ma

ways 30 .- 21. - Rotor I's rotata ual l 'y .or by act uat or% about an
axi s 23 parallell? &2y I’ﬂ?"? digP tradi alad eegtden |'6H'°PI° fiyr 2Enespl d anp

means to.cl gmp tstﬁ:hfdlmdﬂiinﬁmfypﬂ’&:aum uéeafﬁa 0 the ﬁdxpel @andot her body to
be gaged |s sche %t! g%llmgnsﬁgr?mwabod%es such as plpes, fubes, s%ge‘prow ded are

~ threads, flanges and the llke, whose dimensions are o
be gaged or measured. -The sl_ldes may bje.moved manually
_or by actuators. Merely as lliustrative, +ip Il Is
20 shown engaglng bore 16 and is movable Into engagemenf
with shoulder 17, which may be annular -and conlcal
may be a thread flank.
_ The described means carrylng the firs'l' means
also Inctudes a rofor 18 enabling rotatable displacement
- 25 . of the tip i_|. Thus,_ for example, rotor is supported
for ¢ rotation relative to fixed structure {9 as via
ball bearlngs 20 therebetween; and the rotor carries
~ longltudinal ways 2} for siide 12. Suitable linear:
_ ~ bearings: 22 may be provided between stide 12 and ways
| 30 21. Rotor I8 !_s.~:_ro:l'_a1'a:b'l_e.,_.-(|'i_|anda__II.y_or,._ by actuator)

' about:an axls 23 parallel to:the longltudinal direction
14, for example, Clamp means to clamp the flixed
suppoH" structure 19 o a pipe or other body to be
gaged {s schematically shown at 24. | _ i

35 - Also provided are means to sense the de-

scribed. Ionglfud!nél (for example axlal)'_, lateral -
(for example:radial), and rotatable. (for examp le.
about the Iohg-l'l'udina'l axls) displacements of the *tip,
for readout purposes. Such means are shown at 26, 27

'sure is applied to gaging tip.. - -4- Cenerally, speaking, the gagi ng
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scri bed | ongitudinal (for exanple axial), lateral (for exanple radial), an
rotatabl e. (for exanple about the |ongitudinal axis) displacenents of the

ti.p., for readbut purposes. Such neans are shown at 26, 27 -5- and 28,
réspectively, In Fig. 2, and nmay take the f.orm of various devices which
ptef erably have el ectrical outputs propQktlional .to displacenments of the tip
11 Elenent 26a of ‘device 26 noves In direction 15 with slide 13, while 5
E‘emant\,ZGb | s at tandhe® respertiyelvw Indilgnehi ang maysf take- tha f&moef npyes In

d

g{ ecti Oln 14 ‘t’V' tzg v%b']!éhs &lc&b'%%tﬁbf&ﬂ?&%ﬁ?a#& eflbéﬁ'doépoﬂ uﬁg\/\?)és \?\Aﬁl I and
rotary el emen ao vi ce rof at es .about  axi.s?2 e
efe- nent 28bis- fﬁ'?@?f"'ﬁﬁ“%‘uﬁ?)&’fplfgem’géé? apeé’%ﬁnﬂ {Lﬂ'@ %65

pBt ent i omet er 30 lof &év)ce 26 incwsisnin dlr&i’ﬂcﬁ ascel i shﬁht 130ahHed a wi per arm
egenent 30b, P he,resi st The vol t age
ot put at 34 d (re?gé"%ﬁ' ?%eﬁg a?% tst'ﬁdee mﬁpeer'%@%'ﬁ g‘?-e%3 ®“relative to
tf#e resistance. Sﬂmaﬂs@ve{soin dieaqtlen 14w tbnsUidler I235whHel6lemest 9. 5b with

ngvabl e el enent 3 et fo & D AMd Pofl ohonr 284 34t at 36. One
sfich” known: di gital ngtL gage 3? en ?g %Ms Ider?%!l ed as WETRO 1010. .

Hinal ly, note the @HF%B@MPT%PWl%‘S??M#MF 18; wderelen Fig. 5,

tth novabl e cor e mahe et ts’%hxas $o sapporfpmcessﬁ eof-léaamtd ytt 1ot at abl y)
INethe fields,qf tr nsfor [ ﬁe;gé?b The 2 gcluecml 37b -
chnriect ed to d9ci IPeXeRfione r%&ﬁ g ‘F%‘r"gf?é??ﬁ 7‘:1557 e \FdP*de Is thereby
linduced In two sedﬂaohndyaadpbs a2 lameh 13 30b C correnitelie ing sipp | e tqop05| tion,

_ sio that the two 2 #gﬁl%gthnsg heTﬁee%E.%gyo%%?}t ?4”0‘3 te in

phase,. t he net out ut ranst or mer erence o t hese

viol t ages. ~Accor dn‘hglaoslmneqﬁdteoﬂpeh@rmm!@mpmbreamﬂ@g Wt put which. Is
slui tably condi ti ongdig¥andd, 256b 41sd,0fH Qsiamea +Hen6ﬁéodeislt3wtn di spl ayed at

412 One 30 xanpl e of ratar v rlabl differe former 5

I’s Model RSOA'g Edeé&" K%@@ %ﬁg Adchixa cen, New

Jer sey. " Referri ng:lmaﬂglﬂ(zem@fp& ah e36qut Qnet sﬂdr mmml dlgjﬂ'al he sensors are
| nd' cated at . . - length gage or encoder is ldentified as METRO 1010.

'i
L3

' Flnally, note the variable differential +transformer 37
S - shown In Flg. 5c, with movable core element 37a dis-
B3 20 placeable (Ilnearly or rotatably) In the flelds of
o transformér coll elements. ~The latter Include coll 37b
connected to osclliator 38 providing carrlier frequency.
- Voltage Is :I'hereby I'n'duo_ed In two secondary colls 37¢
and 3‘@_ connected in serfes opposition, so that the two
.25 voltages In the sécdndary current are opposite In phase,
_ the net oufput of the transformer being the difference of
& _ these voltages. Accordingly, movement of the core pro-
| duces an output which Is suitably conditloned at 40 and
4] to produce a _Nnea'r' output _displayed at 42. One
30 example of a rotary varlabie differential transformer
' Is Mode! R30A, a product of Schaevitz Engineering,
Pennsauken, New Jersey. Referring again to Flg. 2
the output 'l'ermtnals of the sensors are Indlca'l'ed at
_ 26c, 27¢ and 28c. N ' ' '
35 o Flg. | shows, !n block d!agram form, the
provision of a compu'rer 44 connected wlth the sensing
_means 26, 27 and 28 vla terminals 26c, 27c and 28c, for
establishing at least one (and préferably several) base
boslﬂons from which the sensed displacement, or dis-

aw'u ey
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£ when the push- BUEh he w&t?‘\/&‘ .
¥ position of thhabftthg vieklows resdolite el zam, 27d, ahbiZBd20 connects a sanpl e and

“hold circuit 52 with,the gut t ensor a rm nal The | atter

i output, and al so the out Qﬂ% 85{"'"33) 015“? %%f iﬁcfhﬁﬁ?d Reircuit are fed

i to subtraction: Elg.ci tcowsc‘i'aﬂedﬂ)u‘l‘mﬂndf SNmfchn lartpeti sansds7 t 0 di spl ay

: 27d. Accordi n%f/’-rhahﬁ g swaY1d ??gs 582 Ths'Frs%nscfi't m‘#l'ﬂ chosen posi tion of
ent i h8 i recti

" the tip, .and subsequ
' 14 are rreasured°%m’esilﬂ"§p1'<h>$éﬂs‘?"| Réakn §ig.r ami!eﬁatlﬂbasﬂsp ement. The sane

26¢, .27é and 28c. 35 j " Fig. | shows, In block diagramforni*the"

prow si on of a conputer 44 ‘connected with the sensing neans 26, 27 and 28

. VT),I erm nals 26¢c, 27c and 28c, for establishing at |east one (and
e

rably sever aI) base positions fr.omwhich the sensed displ acement, or

WL -6- placenments, of the tip 11-&re neasured, and then displ ayed at

di spl ays 26d, 2 gaéﬁﬂn%sdof %Uﬁ?g?pdd'g%g“ﬁf‘{]egﬁ“.svﬁ%y ggp 13 gd 28). Only

one di splay nay be provid sire I'spfay the outputs
of the sensors.?@ 'I‘HéP!?‘/éo?ﬁitt &fd ead 384, Eﬁﬁ"éﬁ%d“&ﬂs*@rﬁ&bﬁ%ﬁg%el ective e

- establ i sh- ment zwfandzmo Gﬂ?%ﬁ@%lédl@?ﬁﬂyr%np%#%dthﬁf 3641784,

- di spl acenents ar as ose hr ee ush buttons 26, 27e
: and 26d may be: ' 5 501 ﬂy £§§%{ﬂyaﬂ‘%f‘?ﬁ'yﬁ‘ﬁ' ﬁ@"' ff? ™8 cnabl e
. operat or sel e&t computer disnchiarabterfl zed asverabo g sea;&rmw estab?lﬂdh- 27cd, and

s d h
Lo ar Sa%or e of Lard: SREPHoB tihs NI eliin Tl ebegi 00t S L0

m ght corresponé spdacenests are meespred. ofomibiaipurpgsd; Shreegusit 15 In the

 axial or | ongi t bataab Zbef o7l Ry bdd mef'Ss J6CReROIPUakLAIMIAN 27¢ In Fig. |

then corresponds, 0, swi tch 50 | n apte e nonent arlly cl osed
BLER?EG'P%& 5??%*9%059?9'2'6}0 or base

nmovenment s Of ~the i tudi nal direction

may be accomg i s:herdefasaaDIId‘iﬂ&)@ﬁf&&n&mddt%éefwnaw%hmé?%&a% 26e and 28e.
The ot hers types circ be substit r. that shown In Fig.
6 (as for. exanPf® P/'bﬁPﬂ;Be’t-e-t {n }agq[ﬁ% CBB'FRFBquusoﬁc’asr‘fg &b PRown
ln_ Fig. 6 adapted to be momentarily clo_sed when the push—
button Is selectively pushed 'a_'l','th'e chosen zero or base -
‘position of that +ip 1 In the direction 14.  This
20 connec'l's a.sample and hold clreuit 52 with.the ou-rpu'l' of
.+ ~the sensor at terminal: 34.  The latter output, and also
" the output (at 55) of the sample and hold clrcult are fed
to subtracfion circult 56, then output of which is fed "
at 57 to dlsp!ay 27d. Acoordlngly, ?he dlsplay reads
25 "zero" at the chosen posiﬂon of the ﬂp, and subsequen'l'
 movements of the +ip ln the longitudinal dlrecﬂon 14 are.
measured and displayed linearly from that base poslﬂon.
The same may be accompllshed for- displays 26 and 28, via
push buttons 26e and. 282 . The pfhers types of clreultry _
30 may be substituted: for that shown In Fig, 6 (as.for
example vol‘t‘age-fo—frequency' can_verston--a_nd: up/down
counfers, etc.). ' ' | |
- The Invenﬂon also contemplates the provlslon
of circuitry, such as computer clrcuH'ry, to compensate
35 for variations In +the base positlon which result from +ip
displacements which In turn vary as a result of mis~
alignment errors In- Iocaﬂ ng the-gage- r'elaﬂve to the
work. Reference ls made In this regard to Flgs. 7 and 8,
Flg. 7 showing a support 19a (co_rrespondlng_ to support
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countéers, etc.). The Invention also contenplates the provision of
circuitry, such as conputer circuitry, to conpensate 35 for variations In
t he base p05|t|on which result fromtip displacenments which In turn vary a
a:result-of ms- alignnment errors In locating the gage relative to the
work. ‘Reference I's made In this.regard-7e Figs.. 7 and 8, Fig. 7 showing a

PeLa s (e CIB N FRG: A2 SlHRRSH bt 9.0 11, B Al BRI oot
alfmUnt [err] rel- :shppmf'ft Pa hnlqmlpentaaltsné& by Suahgwlasatnognhenrefray occur

as a result of Iaclss r gﬁ gmegg ucht Rrsaqnglﬁaﬁgqm§ ch@? engaged byl

tfae support 19a, a exaggerat- Not e t he
axial ly offset rel aﬁmrrsmﬂd' 9f lppbeofehwepﬁﬁquamseﬂepfam eipe pndf the Fig.

2f:support 19 da5UMea1igRG6) BDHECERpsIF1Iba las Q%ﬁ&ﬂﬂlh%@é&a?ﬂd 64, the

gdge tip 11 wouldtra n i's 23a iT Fi ndlngto
agl s 23 in Fig. é"@a@‘ %ﬁg ﬁxt h@"ﬂ?réﬂt%g' °f)%9é' éijg ‘U’? %md a
cBosen bass poi nt fer eergiagarﬂbﬁs Baa vand| 64bi. hert fvitg/ Fig.02gsuppbet 63 (i .

zgggt g 5¢ of the F"—'p@?ﬁﬁsﬂiﬁéﬁs 108 yihe 1BE(RRTT Eidtngt 10 pd R 7 ?oﬁé'-fn'
‘b@ise “poi nt Iocat|0|54by|'heoganet1'tmﬂhg'omd rhoavely ahang: axisvaFa dnifig. 1D t he
dfspl ay 27d I nygi g ng‘nﬂﬂ%rﬁ% 25 1WOFI.1 2| kedaag &F 1hapg poi nt al ong

tﬁe axis 63 1s, for exa eri.v rom nmi plier (01n Fig. 6 to
hi ch i nputs C- cos df€aghien zﬁdpﬂp%?’é’sf% aE‘b@n"%ﬁeﬂebaﬁel@ 8RA as
siubtracted (or addenia zgag;lnf,r PMwbGRd FRér0 vBRAS @l pxls 63 Wf.esubtractor 56

lef err ed b i th d |
& ong angl edaxi < JsAlea, ST G aed 8/ Kesbht 5% dfspleSeBRY B0l 21 100,

It ‘must be correctthel Hip ahongrnxdat23&.t o correspond to di stance noved al ong

true axis 63, bei ng equal % S adevice 71 Is
tthen fed to di ﬁ?}l ay 27d. Thgﬁ)ed?é ugge/r@ ng‘%]g*ﬁé iggfse 'yt means 101.
fy

IVUI tiplier 71 recei itlens {podasa paly '°°aﬂ°" by conditloning or modlfying
s  the. va!ue fed to the display 27d In FIg. .

" The corrected or mod1 ffed value of base poln‘f _

I along the axls 63 s, for example, derived from muitipller
: | 20 70 In Fig. 6 to which Inputs (l-cos ) and y are fed. '
' Each value A Is shown as subtracted (or added)at 71 from
o the zero base output 57 of subtractor 56 referred 'l'o
3 . _above. Thus, In Flg. 8, If the siide I2 has moved a
E | '-disfanca y along angled axisZBa, and a zero base pos!ﬂon

25 is esi'abl Ished at 100, I+ must be corrected by an amount

- A to correspcnd to distance moved along true axis 63, A

i | ~ belng equal toy (I - cos ¢). The output device 71 Is
_ © then fed to. dlsp!ay 27d. The display may agalin be
Pz o "zeroed" by means 101. Multlpller 71 recelves the values

30 "y" and (I - cos &) fo be multipiied +o produce A.
" Note swl'l'ches 102 and 103 operable to switch In the
~ correctlon means 71, when desired.
- The value ¢ may be sultably derived, as for '
: | ' example optically In Flg., 7, with beam 76 from a source
35 76a reflected at surface 77 on base 19a toward a scale
78. The value cos¢ may be derived In a function gen-
erator 79 In Fig. 6. The value "y" Is generated at the
ou'l‘puf of the serisor 27. {(Note In Flg. 8 that as the
tlp Is rotated about misallgned axis 23a while In contact



"y"-and (I - cos [err]) to be multiplied to produce A. Note svmtches
ahd 103 operable to switch In the correction nmeans 71, when desired..

30

s
vaI ue [err] may be suitably derived, as for exanple optically In.Fig.
~~w th beam 76 froma source 35 76a re_flect ed at surface 77 on base 19a

toward a scale 78. The val ue cos[err] ™y be derived in a function gen-

erator 79 in Figy +ﬁ»su1'-hscé/%buso | 45 te@Nakpd 84, dfhel HPrpayigut of the sensor
27. (Note In Flg at_ asthet I's rotflted about ngJlgned amsZ%a

while In cont act5°"5°'W2t hehanges.: shawl ngoyardetians; In dasgiresbtion: he out put

sensor 27 changeds aSfumetish &I totat Iohsof ntheasipIposint shﬁnaa a function of
rotation of the ti

mann t he nmay ,be corrected
for rotation of ™" Rg?'hgl'?lhﬁsilpogﬂs %ds cﬁ%ec%ie*o gﬁ?f%%& o]
cont enpl at es 5t hether bip: \lilsnb@nfcﬁxtse%}as to engage a curved surface for estab-

| i shing a dimension associ a-}'gd,nyeﬁﬁgﬂ SHoCl:S’n-re 14185 fhed a dianmeter D, -

or radius R Referrlng to- such neans -typi cal defines two
reference probesviggonef !)?“ﬁrff?l@&ﬂ?g?gal‘ﬁ"'%ﬁeﬁuﬁﬁ‘iﬁ foe °§§%‘i§‘ direction, as

from a support SRshfngVai §finehb it aBéctated Witk laxed-cxe;me eoels of the probes
are shown as enga}%étr’\%]cur ed surface 9 he rmvabl e gaging & -

90
tip Il inthis% gedlapeten D, of IngH'Isb§ %8?%'33 a1f° foverment
rel ative to Hohe mhwutnsmyfpacelly defipes rigroQﬂefurgw 'pl'mbeyag@ ng tipIll into

engagenment ‘Wi th thy ?&._q. ! Istration,
the spring Is Iocat ed be ween t'heb%ueram q-g%d; gS on t e novabl e
tip stem 110. /@ SEPRRST 33 fo whig (Wﬁmﬁﬂlﬂg f'@‘e’gen P oS senses the
posi tion of the dvov léﬁnﬁes)awﬁkhﬁﬁﬁ(ﬂécaﬁga@%g)l&:r@éd sdrface®3@¢ the position

of - t he ends of ggobﬁ,ﬁ% n agﬂ%‘ar e’r@%@ﬂ tsg\gg%{}rega?thg 8]9$|tth;on of

tip 1l rel ative
surface 93, I35 lsandrrdedrlneptchhupgelyl' ifer anoNerssndT eelerr veoftodthenet er D of such

a-curved surfacegg é&@u?p%ﬁpe rosgpm%gg @Igeg%l %#ihgb' ”lTXFT&aI ly, the

surface engagi ng en nd tip antia t he sane
pl ane, - engagement with the surface at. Illa. Mere!y for purpose -

of Hlus'l'raﬂon, the sprlng s loca'red between the support
‘and a flange 95 on the movable +ip s‘l'em I110. A sensor
20 126 (cornespondlng to sensor 26) senses the poslﬂon of

+he movable +1p and produces output at 127. Since the
position of the ends of = flixed probes 90 and 9! are
predetermined, the position of tip 1] refative to 'I‘hose
probes ls a measurement of curvature of +he surface 93,

.25 and correspondingly Is a measuremen‘f of dlame'l'er D of
such a curved surface which may be dlsplayed at 26d In

Fig. 1. Typicaily, the surface engag!ng ends of the
probes. and tip are. In subS'I'anﬂaHy the same plane,
- normal to-axis: 23 1n Fig. 2. Supp_orf_ 92, probes- 90
30 -and 91, and:gaglng.tip 11} may be.carried by silide 13 In
" Flg. 2. A portion of that slide Is also [ndicated In
Fig. 4. - -

)

o In use,.+he Flg.'4 apparafus may be rotated
about the axls,. and curvafure measurements taken to

35 establish dlameter measuremenfs D| and D2 assoc!a+ed with
a pipe curved bore, for example at 90° In+erva|s about
axls 23.. Dl and D2 may then be. ayeregedrbylfhe.compufer
44 and displayed. See Fig. 3 in thls: regard, showing
D, and D, adding clrcult 120, and divide-by-2 clrcuit 121,




nor mal to axi s _23 in Fig. 2. Support-92, probes 90 30 and 91, and
gaging tip 111 may be carried by slide 13 In Fig. 2. A portion of that
slide is.alsotindicated In Fig. 4. In use, the Fig. 4 apparatus may be
rotated about the axis, and curvature neasurenments taken to 35 est abli sh
di amet er measurenments D and D .associ at et th a pi.pe curved bore, for
exanpl e at 90 Intervals about axis 23; 0 and D2 may then be averaged by
the ¢ rrputer 44 and%ﬁ%'ﬂlvay‘?gi,e See Fig. 3 in this regard, showing D and
D2 adding circuit 120, and di ¥ige9oyhowscargaging ¥28,211 - ¢cOrréspoderi ve Dave

Fig. 9 sh aging tip,21 I 2 d

For axial - and radi 08 thHRer 16 Flon 2L BaersBierbablll, dnd Podiels ) CRLL ©

thread 5 f 1 ght snovemertte | e rihegspaich 6200 bétwann ducgessipesicrew thhreadi f | anks

201 and 202, (§ h- thr R.\cg r@gtbezgtﬁag%%h&ﬁqﬂagkqgi o7p$ésl1:5' Phrohd is carried
c

by a stem 210 orres ondl ng t he screw thread may be

formed on a pipe orflianke 20f Ande2@Zyprith Thesad; Wl 03 and) thead) crest at abl e
about .the axis of spa) an | PR |sRdadridd by m\e&ammop&obedspendtr@l?» having a’

t t t hread i ndj 2 2 Pin | t | d h

att 222 and 224. SuctP St wﬁ‘ %%Em-ﬁ?nﬁms@'gﬁg Heged By IR0 Fomme) Ghoed by
the system. of t he poncacplpei orvdube,ofor dxample.” The ﬂp 211 s abkddy, referring -
to, Fig. 11, Ityshovgy, ‘Fftpsngl;duqa{'ﬂeyaxf@ag%&w§£9€e of F?@e lf)oétmugf means to

transnmit a sensmg SI om a sen as In Fig. 1),

only after predet er#nP pel boyrend 213 hapingsaiwe-sitep E@'@?dab'tﬁ'%t?dtb t he gagi ng
tip 311, as via thezz%Oand 2211 dpmrtoe&frngeého%laars Eﬂ; shbib alPUZ2208/d pusher -

Piver posed” bot oo 20" Sebh Hundeks ot Fhe Freod mdy LSRG goa
devel oped by sensorga%ac typpienrsystdam ofithhet prasectdnv@lpnhowever, -t hat signal
heE o SRl e tance, SR SO TR em o] |
engagement with corfchematizal ly,Shhe Pp‘?‘é‘@é@%% mfpm means to |
transmit a sensing signal from a sensor 326 to a computer
(as In Flg.' 1}, only after predetermined force F or '
pressure has been appliled to the gaging tip 3ii, é_s via the
20  sltde or carrler 313. For this purpose, pusher 370 Is
siidably attached at 371 to the silide, and a spring 372 Is
Interposed between the slide and pusher. The silde posi- "
_tlon signal developed by sensor 326 appears at output
" contact 374; however, that signal Is only transmitted at
.- 25 375 after the pusher has been forced toward the siide
agalnst . resistance of the spring to bring a contact 376
" Into engagement with contact 374. Such predetermined force
1s, of course, transmiited via the spring to the sllide to
urge tip 31! agalinst surface 380 to be gaged. Slldes
30 312 and 313 correspond. to slides |2 and 13, In Flg. 2.

35



is, of course; transmitted via the spring to the slide to urge tif) 311"

-agal nst surface 380 to be gaged. Slides 30 31—2—a'n'rdﬁ1€—c0ﬁ—€spvnd to

des 12 and 13, In Fig. 2. 35 -10-CLAI|VB ‘
ing work surfaces of a work- piece, conpri SI ng I“ r“mimum m haV| ng
ans

aging tip engage- able with said wor s rfa supporti
aid first nmeans, for |ongitudinal, Iateral and rot at abI e displ acerrents of .
said tip; (c) neans to sense said Ion&L.EMnal | ateral, and rotatable ».
di spl acements of said tijp fQh &gparatls PYF RBSER. worl sg@*%aga&i ggm%.lkp, bei W
aces to be bodlly

sized to be freely received between su§0e55|ve wor k sur

di spl aced- axi al Pl#qey FRAMRChRINEE | J) of ! rsh JaRReRIAV 109 hgeingubin eagagesce

3
facl Rg I'n oEe aes?w witl 8&ld GOrkHirfades; A(K)t Mesnsd ta—cmg)tsamgawmené with
anot her work surface facin n 0 03| [re sai
supporting mean®®qe| &f ﬁﬁ’%ﬁ'f'ﬂt’?ﬁ l:n?vg '8 s}pifcﬂgf')é%t I on
general Iy paral btlsaid ﬁp,a&c)smeamdm ssasoraalél llodgl'l'nd\iaa)l,elafaral second
direction ext engh@g.og%r,glﬁgpiﬂég“g,llﬁsebyagagha{ e re at | él %egu rection,

one of said slides carried eret o, and a

rotor carrying §& gald gaging. Ei% heéwwdaﬂfomafmb! Fecel beé'H%B(ls .;  |

general |y par,al b6dceboi v wbrK susfacdsrw:be%mmmebmhat&xlsbmemre rot at ed
"by the rotor; andQﬂ(?éh%' Sﬁ rt f Or d_rotor P ratus of daim

1, wherein sai d¥ 3?9%8'” e U?'gblsﬁrfeq’ﬁ?n ﬁ"%m al and &
radial directi oasialr dbreetion ang : indo an‘ﬁfhhelappal‘lalbusdobng}lgmmt withherein said

rotat- able di SQMSF%RI scuﬁgeé‘tfaéﬂyjoﬂxhﬁl oﬂiors?fé 'aﬂ'i'?ll %i rectiBnappar-at us

of laim1, 2 or 3, including a co ter connected sal d sensi ng means
" to sense-said dfeb Isaéérﬁé'ﬁ?%"'%ﬂﬂ "PQ!'%HI“F&‘I'FF'H@ atirsh sl idmaovaile Bosition

fromwhich at | ﬁaﬂtrsﬁﬂ:ﬂrﬁf:ﬂ%w darﬁ?ﬁﬁﬁdpﬁfﬂnbaeﬁ’r’gﬁt&lg§ diﬁastﬁagdnd 5. The.
ot ol o base pobide TERTp I 8 sasod AtPPEtign oPerRffraCtonetatli BpldEren:
are neasured. 6ly r‘ﬁmalalppm aaild fdrstidrectionpron®, of saldidiliides ocat -
- carrled by the o‘l'her_a_nd movable relative thereto, and a rotor
carrying said other silide for bodily rotating i+ about an axis
'_gene'ralfly paralilel to sald flrst direction, whereby both siides
'ars rotated by the rotor; and (f) a support for said rotor.
' 2. - The apparatus ‘of Claim i, wherein said tongity-
dinal and Ia‘l'eral displacements are in axial and radial
, dlrecﬂons, respecﬂvely. :
3. The apparatus of Claim 2, wherein sald rotat-
able displacement s about said axial direction.
' 4. The apparatus of Claim I, 2 or 3, including
a computer connected with. sald sensing means to sense sald
. di.spﬂ"aeanenfs for establishing at least one base-position from
which at least one- of sald sensed d I’sp._laéemenfs is measursed.
| 5.  The apparatus- of Claim: 4, wherein: sald computer
is adapted.to establish multi p:.l_'e--.-- base positions from which
multiple of said sensed displacements are measured. |
6. The apparatus of Claim 4, or 5, Including locat-
Ing means to locate the gaging means relative to said work
surfaces and whereln sald base position may vary as a functional
of displacement of the Tip, the computer being oonnec!'ed
to compensate for said varlance. -
7. The apparatus of Claim 6, whereln sald variance
arises.as a result of sald rotatable displacement, and the

)
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ing neans to |ocate the gaging nmeans relative to said work surfaces and
wherei n said base position may vary as a functional of displ acement of the
tip,” the eonmput er being connected to conpensate for sald variance. 7. The
apparatus of Claim®6, wherein said variance arises as a result of said

rot at abl e di spl acenent, and the - I1- ql spl acenment being neasured Is
either.longitudinal or lateral. 8. The apparatus of any one of the
precedi ng cl ai ns,dhshéacsmanhibefngaeasuredots eitherstongihedinaher jateradi stive

to prolice a linear outpup, 9yhe aw&aeaeaifa&hsscaé oﬁfni‘hé)'bﬂeéﬂdlh@%lalﬁ&em ng
claims | to 7, wherein at | east one ald sen5|n% geans cl udes an '

I nduct ance, to prewgets at| |e9s r%?f)@? f@“su‘ﬂw é'laﬁés*gf’ a'lr'ﬂ/ one of
t he precedi ng C girgdude @0l ineantmitput. at Ieast one of said sensing nmeans

conprises an encoder. 11. %gge @)%g#%[ag@s of fofmg :}geggﬁﬁsg’],? sCI ai s

| to 7, wherein at |east nsi ng rreans conpri Ses rentlal
transformer, to ebttebli sherelini sbdeastippetof s@id sanadngpmeanatincludesaay one of

the preceding clgigiBtantBS Prowdcs SH39hdHF bidpyits carried by said support
means for novenent in a sel ected direction, and Incl d| ngﬁ?‘l‘ﬁﬁ% |n| ng

two reference probes that@re ?)?BB”Pé’PétqfvE"\t 8"§aﬂfd § hd

cooperating with Baod7wheddia ghdeast bhe dfossitysamsiag vmaks scombriseshavi ng
curvature to esta%l | icod\a%d' mensi on associated with a-circle. 13. The

arf’parat us of d ai ¢rein said reference probes and said gaging tip
are substantially In the bkeieThe appsraius ofhanwgperaft tke precidinanClaing 13,

wher ein said workplgcs, \etdint SR 1685#oRb o BRE s6RdIhg | kg Achipf1ekace
curva- ture, said ga |ng tip and said referepc e‘\,\ﬁé ﬁpeng‘aﬂ_l&? sai d pipe
curved surface. 1%diTtRregpinl, iranstormer, Jiq,pgteb e e8| }TPUtved surface
~i's defined by a work thre#z. The apgdratappst shylonofofCihe précedidg, cldims, 15,
yi el dabl e means qpatafl LGld SGIHPLFH Sds bdrti3d ) A% BShrorP dednd &R
" movement in a selected direction, and including means defining
' two reference probes that are fixed relative to sald supgort
means and cooperating with sald movable gaging tip to engage
- a work surface having curvature to establish a dimension
associated with a circie. _ '
13. The appara‘rus of Claim 12, wherein sald referenoe
probes and said gaging tip are substantially in the same
plane. :

i4. The apparafus of Ciaim {2 or 13, wherein sald
workplaca is In the form of a pipe defining said surface curva-
ture, said gaging tip and said reference probes engaging said
plpe curved surface. ' |

I5. The apparafus of Claim 14, wherein sald curved
surface is defined. by a work thread. '

16. The apparatus of Claim 12, 13, 14 or 15,
-yleldable means operatively connected with said gaging tip to urge
said +ip Into contact with said curved surface.

X2
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17. The appara'rus of any one of preceding Claims 12
to 16, whereln said support means has muitiple relatively

rotated positions in each of which sald gaging +ip and refer-
ence probes are engageable with the curved surface, thereby to
establish muitiple dimensions associated with multiple circles.

I18. The apparatus of Claim 17, whereln said multiple
dimensions are diameters.



enge probes. are. engageable with the curved surface, thereby to establi sh

daimlr, wherein sald mibl! i %dd%?%&é’%? @raqmg'@r.rﬁ&e:ras wherewﬂ, aty?. .The

~ apparatus of-"Cl ai s - rein said computer s dperabl % avera je
- sai d-di aneters. ,Q@"PU*ElhéSamaa!%stoPV@aspnﬁal'E digmetersy said. W)rk pi ec

defines a cqni cal surfacgohawhgga@gpgir@ of UE1AUIE, ‘whétied n0slidNgosy-p .and

sai d reference probes enga conj cal r- fac a ing lgcation,
axially. 217 Thelegspdet gt"ﬁg &J%qﬁfdacﬁh@ Zf‘-ﬂ °§’§P &@TY%“?P;) sald sai d.

reference] pr obes?éyawg +ig bhdlsald ateforandey postriscengagdng isand coini eapayeAent

-with said conical_surface gi ation, axially.. 22. The .
apparatus: of C a 8t & Eﬁﬁ“%vié?gﬁ‘%gsaf‘g * r°st and second  di nensi ons are

first -and second di anete2d. Tbe Eﬂp@rapmp&t%lmfma whenein sald g&gingherei n
said computer |sygpgpat (?%tfbf%\‘s&?ﬁsré@ésda&h@miﬁﬁﬁe rgl%4ivel;£1h?o‘laaqgar atus

of any one of the "precedi l'arms, "1 ncludi ng nea trans sensi ng

© signal friom sai dresiiieny °fre%ﬂﬂ§9m‘ﬁf§,' withsald copl@inpwipcrodfeshtd been
. ‘applied to the ggggmg tddaﬂ/d,,q ama|§upport i'ng nmeans. 25 An appar at us

| substantially @ herS)ibg0r oSt OFk oA IMAF R, MRS o
- Fig. 4 oT Frg.  _ firstradd geeond (direingionsl areffirse mcmmdwﬂmetbr&u ngs.
S .23, The apparatys of Clalms 4 and 22, wherein sald. -

compu'l'er Is. operable to average sald dtamefers. _
. 24. The appara'rus of any one of the’ precedlng cla!ms,
Includlng means to 'I'ransml'r a senslng signal from sald sensing
_means only aﬁer predetermined force has been applled to the .
: gaglng ﬂp via said supporﬂng means.
(.  25. An apparatus substantially as herembefore
| described, with reference to, and as’illustrated in,
Figs 2, 7 and 8; or these: Figs as modlfled by. Fig. 1 or

Fig. 4 ox Flg. 6 "or ‘Fig:- 9- or- Fig. 11 ‘of the - accmtpmymg
drawings.

t e veneewa .

said tip-Into contact with said curved.surface. any ,
1eYof preceding Clainms 12 to 16, wherein said suppo !! iﬂ ple
Alatively rotated positions In each of which said g

I tiple.di nensions associated wi th nult rﬂﬂ?‘e tircles.” 18." Thé apparatus of -
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